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SPECIFICATION 
Brewing beer 



5 This invention relates to the brewing of beer ' 

In order that the satisfactory fermentation of wort should occur it is necessarv for «n»«r rt h;. 

* Tb ,' *• S - Mas " r brewers Association of the' Americas. Technical Quarterfy 1 984 'j 9 
29-33). Consequently, .t has the usual practice in the brewing of beer to > pYepWWon' J such - 
manner that ,t cbntains a ralatively high proponion of dissolved oxygen a^ndTs^ ^tchina 
20 yeast under cond.uons that minimize glycogen dissimilation • Pitching 
However although it had been thought that the use of oxygenated won was beneficial it h„, 
now been discovered that the precise quantity of oxygen edmmi«er.dTli^^^ 
efficiency of the fermentation process. Thus, sub-optimal oxyw*oneJ^^-£ SZ^ 

25 n » ™ ° W ,ermonta,io " s - Conversely, supra-optimal oxygen concemra, K won wi.7 esult 
25 in excessive yeast growth and a reduced ethanol yield * wmjesult 

orioAo ni?^ ™ e ? h diSC °T° d th !' if Pi,Ch ' ng ye8St sus P°n<*<l in liquor is exposed to oxygen 
«Z k«? ? 9 '1 8 r0SU '. S ,h8 s V" ,heses ° f sufficient sterol and unsaturated fatty acids 
such that no further provision of oxygen to the won is required in order to achieve a satisfac 
30 1^ ^ mema,,0n c Fu "! ,Brm0r8 ' ,h8 '^mentation may be controlled simply - b"£ ".wM co'wol 

3 • p:rrd^; a rheira,^v ations are fas,or and ,8ss a ^ » ^r° i 

It is therefore intended to employ won that contains no oxygen or at least a orooonion of 
oxygen sign.ficantly less than that employed in a conventional fermenta iter process such won 
being hereinafter referred to as oxygen-froe won. and to pitch it with veast that h« h--« 
35 subjected to oxygenation, such yeas, being hereinafter referred* as ^oxygenated yeast 

. Pf-n'^^^ 

40 quantity of that already fully-oxygenated yeast to enable fermenlatLn^d occur 

9 aI^ V e"ectTx;gta\To.n ed """^ ° XV9 ° n °' Wi,h "T ° r with °*°< ^-containing 

■n.'roH.,^ 6 ".^ meth ° d ° f ox y Q enation. oxygen (alone or as pan of a gaseous mixture) is 
introduced .nto an aqueous suspension of yeast, the oxygen content of the susoe^ion ii • 

maintain the concentration of oxygen in the suspension substantially constant oxvaenaLn 
continuing at least until such time as there is no longer any need o *°?ea,e ',h rate o 
introduction of oxygen to maintain the same concentrationof oxygen"n the suspensfon 
Thus from a second aspect the present invention consists in i^tl^r o^e^na 
50 brewers yeast in which an aqueous suspension of brewers' yeast is > oxygenated at a ra?e which 
.« progressively increased in such a manner that the concentration of oxygen n the "usDenSn 
[nThTf«, SUbS , ,,,mia " V C ° nS,8m - 0x V9ena«ion is preferably continued onfy unti? no f^nher increase 
constant 0 *™ en8 »°" ,. required ,0 maintain the concentration of oxygen subsSaHy 



constant 

55 



ce .n,°, n y. ? T 8 ^ 18 effected by causin 9 ,h8 «""P«nsion to circulate around a circuit 
containing a tank or like container of relatively large volume and a cell of relatively small volume 
oxygen being introduced into the suspension a, it passes through the cell Th« ^ oxyoTn con en, 
of the suspensjon is preferably monitored in the tank or like container V9 • 

fin «^°, m 8 • 8,P . eCt the P re88nt 'Mention consists in apparatus for carrying out a method in 
60 accordance with the second aspect of the present invention, comprising a tank or "ke comainer 
he oxv3 corned of r8 ,K ef8 ' Vea4, • tor ^enating tha, yeast and meani &\Sc£q 

65 =S g%^^ 



temperature. 



20 



25 



is^rS^^ "sod for pitching wort 

appropriate volume of the suspension to h« ?«h ?° ,h< ? WOrt in order to enat >le 8" 

5 causing a sample of the Lspen^on to pass at a' IrJL^ T' 0 " '* P referab, V e««cted by 
oxygen into the sample at a firM °oU°on "'the LTh tnJ f k ' ned r8,e '. al ° ng a pa,h - '""o^cing 
spaced locations inthe path, de a rnTninq he rate a, whf.h V measurin 9 tha °*V9°n content aT 
of suspension, and, from a knowledoe of thl rl ! «, ^ k V9e " ' S ,akert up peK unit volu ™ 
of fu.ly-oxygenated ye™. d^^^^^^ZX^r " ^ UP per U ™ wo * ht 
10 The invention will now be more pa%cl,^ «ha, sample, 

drawings, in which: " reierence to the accompanying 

by^mpi? of H^EST' ' Pr ° 9reSSiVe inCreaS8 " th8 rat ° at Which «■«." up 

15 .tion^nd 2 3 9raPhS il,US,r8t ' n9 meth ° dS ° f '"^ion employing the present inven-' 
Figure. 4 is,a diagrammatic illustration of one type of apparatus emhoH u i„„ .k 
mvention and for use in carrying out a method oMhe pre^enT intend 9 

hri'L On % ,9XPer,m0nt 8 2009 (Wet woi9n, > S8m P |e °f an al ° yeast derived from a oreviou, 
bowery .fermentation was suspended in 2 I distilled watet in a stirred glas^ ^vessel aTL, , h «„ 
delivered .nto the suspension by means of a sterile filter and glass sinter at a ,«?«? 1 u , 
a peno* of 6 h. During the time the temperature was maintained at 20«C At interva s til Tr 

?AD0Tli™ d u 8C S n i inU6d V fa,e 81 WhiCh diSS °' Ved ox V9- was consu^rd bT „e yea« 

Scorer Aner me«ur e ment°„f fl P ° ]aro ^ c dissolv ° d °*ygen connected to a chart 

recoraer. Aner measurement of oxygen uptake rates, samples of veast war* rAmnw-w .. 

3s ?= ■ ™^ ™ 

Brewery Convention Congress. Madrid 1987) For th« n..r™eT: ™ ceed,n 9 European 

65 "Zy of wiring 15 8 ' 9 * ^ ° XV9en e,eCtr0< * 14 mou ™« d tKc 4 
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^^^0™,^^ can*, a stirrer «. 

through a wort main 20. A duet 21^2?.^^^ .1 "J*" 8 ox V9 0r -<'ee wort 

duct 21 to the won main 20 \ . ? ?" 6 St ° ra98 tank ' and 8 duct 22 leads from the 

5 The duct 21 extends past a junction with th« /i,.,.t o-> w 

Junction is connected toa gas duct 23 Connected to £ s^rce ^1°" downs,raa "T °' 
.. connect.on.to the gas duct 23. the duct 21 is connected ,T,Z ? . , ° r ° xy9en - Beyond its 
of which the outlet is connected to a duct 2E i £££ ffrnm ,h ° ° f a " att8m P a «"ed coil 24 
inlet end of the coil 24 there is an ^SilwrSe^L T„ d ^,^ l ° V 8 "1" ™ in 20 - At the 
10 is an oxygen electrode 27. Those eSodes 26 7„h 57 ,he OU,let ond of tho CQil «here 

control unit 12 ' °* electrodes 26 and 27 are connected by wiring 28 to the 

tank 4. At the same time 'water To?* ^^%S^SuS?^ *° F^W™ 
dilute the suspension. In the tank 4 the susoensTon £ ^ ^ - o 9h the ducl 5 to 
temperature a little above ambiem tempera^ ™°o" * 8 ' 8 

withdrawn from the tank 4 throuah the di.rtinn 7 h„ „ » L . Sus P ens »o r » '* continuously 

20 passed through the o^.„^ B ?^b.^ZS; to X SS""^ sS' ^ h 
cont.nuously circulated through a circuit as referred I tc >*hZ« ? n ? The suspension is thus 

As described above, it is a characteristic of brewers' veast tha. »,h.„ „ • ■ .. 

.t takes up oxygen at a rate that increases with time untTl a steadv ^ L" L 8PP,ied l ° 
rate of take up.of oxygen is at a maximum Th. „ a steady state is reached at which the 

that the oxygen conten, of the susSoTin t T " lu .«™«^ operates ^ such a manner 
30 oxygenation. To this end reading of the oxygen comentT'Z' Substar " ia,l V instant during 
by the oxygen electrode 14»^re supplied to ^he control 2 In*/*™™ " the ^ t8ken 
P^e^^ JKS ^ 

3S oxygen SJ 3= S^r^^T- ^ " 

^eVe^To™ 

tank 17. but once thT yeast has been fu^xIiS.^T '' 8 - N ° ° Xy9<,n ' S into the 

long period. y OXVQena, °d. <t remains .n that state for a relatively 

Fully-oxygonatod yoost from tho storano tank 17 it ,i< n ri t nr „;.,.k 
vo,»ol 19. In order to ensure thet the yens ' , in.Ll™* i«. 5. 9 WOrt th ° '""""ntatlon 

« . predetermined temperature, and Thence h^uih'tfi'X J? ,0°, he^"" 0 " " 'T ,, ""' d 

oxy 0 en conten. of /he suspension ,s measured by t e oxyoen eiec^* V'a ^" 
leaves the coil, the oxygen content is me as ..r«rt k J ,L V9 el8 , clfodo 26 - As the suspension 

50 the period of time take'n for ? 5 oT'he suspension ^TJl^ AS the ' 8n9,h of 
27 is known, the rate at which oxvaen is t.k^fn k ,0,ravo1 from electrode 26 to electrode 
calculated. This calculation^^ ™<>°™<>» can- be 

a given weight bf fully-oxvaenated ve«« i« » the ra,e of ox V9en take-up by 

concentration of fully/oxyg^nate^ veas n ,h fl S ul C ? nn ™: is ,hen P° ss *'e to calculate the 

55 unit 12. As ,he concentrX f offuHy 2^2.,^!^ S?J££ '■ 6ffeCt ° d *7 ^ C ° ntr0 ' 
possible to use that knowledge to calculate th^ Z suspens,0 . n ,s now known, it is 
introduce a required weight of veast into i rt ,„H . J suspension that is needed to 

introduced into the f.^ntati J " °9 * ZllZT™* %'^° n - When wort is 
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.reated^hXe^ °' bMr ' «" Which Ewers' yeast is 

approaches a maximum n the wl^^^mS ".L^T °' 81 18831 clo& ^ 

oxygen-free wort is pitched with a D r^ L " . being ' U " y and 

to enable fermentation to occur prede,erm,ned WW of that already fully-oxygenated yeast 

^e™mo^ °< P- of a . gaseous mixture, is 

monitored and the r'ate at w^oxy^^ '■ 
maintain the concentration of oxygen in the susDension h«! . „ manner as to 

continuing at least until such time as thara is no ?^ «*stantially constant, oxygenation 
introduction of oxygen 'to^S ?h^ «? of 

3. A method according to either of claims 1 and 2 £ wtlh , V h„ J ^spens.on. 

6 A method according to either of claims 4 and 5 in which oxvoonatinn i« k 

constant. oxygen content of the suspension remains substantially 

to ^^^^^^ZZ^^^ 88 with reference 
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ireated^Tth ^^;^„rS^ h P 2^ °' be0r ' " WWCh br6WerS ' *™ i» 
approaches a maximum in the ^^prevaU^S cond ttens W*™'? ° r 81 18831 clos «"V 

oxygen-free wort is pitched X^SaS£!? n,^r? L " . b ° ing fu " y ox V>*"«°d. and 
5 to enable fermentation to occT predele . rm,nod """""V of that already fully-oxygenated yeast 

i™°<u«™^ °< - 9 «eous mixture, * 

monitored and the rate at which oxyger Tis" SidJ^£^^ to ^*T '"ml 6 ™ 00 * 

maintain the concentration of oxvaan in rh* • '"creasea in such a manner as to 

10 continue a, least until such tSne'as heS is no = ■S'SlTK COnStan, • ° x ™ en8 ' ion 
introduction of oxygen to maintain the ^ "0^^^^^^^^ r8,e of 
3. A method according to either of claims 1 and 2 n whlh , V h- V suspens.on. 
oxygenated yeast in the form of an aqueous suspension «7nd th rt ,' s ,P ,tch8 # d wi,h . ful| V- 
suspension in determined before the veast is introH?.^'- L concentration of yeastjn the 

15 appropriate volume of i£™w^£ to^^*£^ B ?™J n . ^ *° * n 

sample of the suspension to pass at a ^Z«i^ ^termination be.ng effected by causing a 
into the sample at a fin locator 'in 'the oath n 7b v I " V P ' introdocin 9 
locations in the path, determin no* he ^ rate at lit* « measur,n 9„ the °*Y9™ content at spaced 
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